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RESEARCH 

Its Value to 

the Art and Industry of 

Heating, Ventilating, Air Conditioning 

DECAUSE of its direct bearing upon human life itself, and 
J-J upon human achievement, the Art of Heating, Ventilating 
and Air Conditioning is, perhaps, more closely related to a greater 
number of people than any other Art, and involves scientific 
research of the utmost delicacy and elusiveness — Research that 
includes physiology as well as physics. Because of its universal 
application the Art also demands the most intensive develop- 
ment of apparatus — since this must be durable, dependable, 
economical and convenient. 

Future Depends Upon Effective Research 

/N no other Art, then, is effective Research so essential as in 
Heating, Ventilating and Air Conditioning. And in no other 
Art can Research, especially coordinated Research, augmenting 
individual Research, prove more profitable, of greater practical 
value. 

These ponderable statements are fully justified by the ex- 
perience of the Research Laboratory of the American Society 
of Heating and Ventilating Engineers, working in co- 
operation with the United States Bureau of Mines, at Pitts- 
burgh, Pa. 

Founded in 1919 — realizing the prevision of such men as 
J. Irvine Lyle, Fred R. Still, Homer Addams, Harry M. Hart, 
the A.S.H.V.E. Research Laboratory now rests firmly upon a 
brilliant record of achievement. Achievement which has not only 
contributed notably to the Science, but which has proved im- 
measurably profitable to the Industry and, consequently, of 
incalculable benefit to the Public. 

Rewarding the efforts of its Founders, who gave unstint- 
ingly of their time and means, the Research Laboratory has 
become the leading activity of the American Society of Heat- 
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ing \\i> Ventilating Engineers and a tremendously effective 
instrument in the advancement of the Art and the Industry. 

The Society is justifiably proud that it is the only profes- 
sional engineering organization which maintains and operates 
it- own Research Lab 

Some of lh. I outstanding ai mrnplishments will 

be brief!) mentioned I 

Purpose and Organization of the A.S.H. V.E. 
Research Laboratory 

*T*\W purpose oi the Research Laboratory is to provide an 
J- adequate personnel and equipment for the conduct of pure 
Research, capacity 01 ra tnd the determination of 

data germam to the cientifii tnd practical .i<U ancement of 
the \m the very important functions i >1 in the 

development of Codes and Standards. The contri- 

butions in th en numerous and notably valuable, 

work undertaken is determined 1>\ a Committee on 
R< ■ i h comprising fifteen Members nominated by ihr Council 
and five ele< ted ea< It year tor a il term by The Society 

vnnual Meetii in January. 
\\ii!i various members of the Profession and the Industry, sell 

■ t to The I , work which appears to 

be mosl pertinenl and useful. 

Otl ii 'li m.i\ be um l< fi >r other engineering, 

hnical organizations, or ti i lations, pro- 

vided .ill work shall be related to the An i - of Heat 

Venl \ii i Conditioning and of such chai 

mi - ' the i ommit tee on Rese u i h, a\m\ that only 

the ii\ be investigated for which sufficient funds 

t( i pa) .ill costs thei eof h . i \ e been assu 

In • lud of spe< it ■ Ci »m- 

mittei "ii Research appoints Technii Commit! 

which work with rii> I itory, in direct cha rk, 

and rt-|>' -I i to tlir ( i immil tee i >n Rese li ch. * 

This 54 I tion insu rch unbi i 

l\ commercialism, scientifically accurate and dep< 
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supervised and assisted by the most authoritative Engineers in 
the field, who, without remuneration, serve on the Technical 
Advisory Committees. In no other way could the effectiveness 
of the work be so fully assured. 

The Laboratory is in charge of a competent, experienced 
Director and has an adequate staff of trained technicians. Its 
services are available at minimum cost because The Government 
furnishes, without charge, at the Bureau of Mines, space, heat, 
light, technical assistance and shop service. 

Forty per cent of the annual dues of The Society's Members 
is allocated to The Laboratory, a remarkable evidence of the 
devotion of these men and women to the advancement of their 
Profession and Industry, In addition to this a major portion of 
the income derived from The Guide, The Society's annual 
Reference Volume, is also apportioned to The Laboratory. 

The Society thus assists one of its most beneficent activities 
by means of an equally beneficent activity, — since The Guide 
is now generally acknowledged as the outstanding reference work 
in its field and is widely used as a text book in many of the 
leading Universities. 

The funds of the Research Laboratory are further aug- 
mented by the contributions of various organizations and man- 
ufacturers. 

The expenditures of the Research Laboratory for its first 12 
years are herewith tabulated: 



1919— $13,358.39 

1920— 20,225.12 

1921— 27,664.60 
1922— *11, 863.33 

1923— 33,235.43 

1924— 21,519.91 



1925— S17.623.82 
1926— 26,607.49 
1927— 135,324.83 

1928— 32,017.90 

1929— 33,683.15 

1930— 40,486.26 



•Fiscal year changed from August 1 to July 30 to calendar year January 1 

to December 31. 
■("Cooperative agreements started. 

For a three-year period commencing in 1931, the budget has 
been planned on an average expenditure of $45,000.00, of which 
$25,000.00 is expected to be contributed by the Industry. Such 
contributions will enable The Society not only to continue the 
splendid work of its Research Laboratory, but to expand it in 
accordance with the rapidly growing requirements of the Art 
and the Industry. 
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Rather than permit present business conditions to curtail 
The Laboratory's activities The Society is determined to pro- 
ceed at full effectiveness, confident that this course will prove 
exceedingly beneficial and profitable as business returns to 
normal. Funds, for the period 1931-33, will be expended, as 
heretofore, with the utmost care, so that the greatest possible 
return per dollar may be assured. 



University Cooperative Agreements 

77*ROM the inception of The Research Laboratory the Com- 
•*■ mittee on Research has sponsored cooperative investigations 
in Colleges, but until 1927 the program was necessarily restricted. 
In 1927, in order to minimize duplication of equipment and 
personnel, to afford instructive as well as valuable work to 
^indent Engineers, and to enlarge the scope of facilities, The 
Society entered into cooperative agreements with certain Uni- 
versities, where work is carried out under The Laboratory's 
supervision, through a qualified Instructor, detailed to this service 
by the University. 

This arrangement has proved especially effective, greatly 
broadening the scope of the work undertaken, providing excellent 
student training and enabling the available budget to accomplish 
maximum results because of minimized costs. 

In addition to these advantages The Research Laboratory 
is enabled to disseminate widely the invaluable data resulting 
from such cooperative Research, whereas the individual Univer- 
sity cannot, usually, secure so wide and effective a distribution 
of information. 

Cooperative agreements with the following Institutions are 
now in effect : 

1. United States Bureau of Mines 

2. Armour Institute of Technology 

3. Carnegie Institute of Technology 

4. Harvard University 

5. Texas Agricultural and Mechanical College 

6. University of Illinois 

7. University of Minnesota 

8. University of Wisconsin 

9 Washington University, St. Louis 
10. Yale University 
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After Twelve Years Experience a Highly 
Potential Office is Created 

77WRLY in 1931, the Committee on Research, C. V. Haynes, 
J-^ Chairman, announced that the comprehensive experience 
of the preceding 12 years had made it apparent that special 
technical counsel and advice on various phases of the Research 
activities of The Society would add materially to the effective- 
ness of the Research Program. It was then decided to establish 
the Office of Technical Adviser for Research, and the Committee 
retained Arthur C. Willard, Professor of Heating and Ventilating 
and Head, Department of Mechanical Engineering, University of 
Illinois, for this post. In the first place, a competent Technical 
Adviser has proved tremendously useful to the Committee on 
Research, which is composed of men who can give but a portion 
of their valuable, crowded time to this philanthropic activity. 
In the second place, it is difficult to conceive of a more capable, 
suitable incumbent than Professor Willard, who has devoted 
himself to the Art of Heating, Ventilating and Air Conditioning 
for the major portion of his very active and successful career. 
Engineer, Educator, Researcher, Professor Willard has con- 
tributed so importantly to Heating, Ventilating and Air Con- 
ditioning that he is honored today as one of our foremost Engi- 
neers. His counsel will prove of immeasurable value to the 
Research activities of The Society and The Laboratory will 
assuredly be enabled to function even more effectively and 
profitably than in the past. 

Professor Willard is a Past President of the American 
Society of Heating and Ventilating Engineers, Professor 
of Heating and Ventilating and Head, Department of Mechan- 
ical Engineering, University of Illinois. A graduate of Massa- 
chusetts Institute of Technology, 1904, he began his teaching 
career in California, going to George Washington Universit) 
in 1906 as Assistant Professor of Mechanical Engineering. From 
1909 to 1913 he served the Government as Sanitary and Heating 
Engineer at the War Department, in the Office of the Chief, 
Q. M.C. 

In 1913 he joined the Staff of the University of Illinois as 
Assistant Professor of Heating and Ventilating. His valuable 
and outstanding work in this Post won for him, in 1920, the full 
Professorship, which he now occupies. 
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Among Professor Willard's noteworthy contributions to 
Heating, Ventilating and Air Conditioning are: 

Studies of the heat transmission through building 
materials, the heat emission of steam and hot water 
radiators and pipes, the "heating effect" produced in 
rooms by all types of exposed and concealed radiators, 
the performance of warm-air furnaces and heating 
systems, the flow of air through ducts and elbows, the 
economical use of fuel in hand and stoker-fired boilers 
and furnaces, and the text Mechanical Equipment of 
Buildings, Vol. I on Heating and Ventilation, with 
Professor L. A. Harding as co-author. 

In Research, Professor Willard is recognized as an outstand- 
ing authority. One of his best known and very useful accomplish- 
ments is his 12-year work on Warm Air Furnace Heating, for 
the National Warm Air Heating Association. His investigations 
conducted for the Institute of Boiler and Radiator Manufacturers 
and for the Illinois Master Plumbers Association have also 
brought him high recognition. 

One of the important accomplishments in his career of public 
service was his work as consultant on Ventilation to the late 
Clifford M. Holland, Chief Engineer for the New York and New 
Jersey Bridge and Tunnel Commissions, responsible for the 
building of the $48,000,000 Holland Vehicular Tunnels between 
New York and New Jersey. Professor Willard supervised most 
of the experimental work in connection with the ventilation 
methods used and the power requirements; this work being 
conducted principally at the University of Illinois. Since 1921 
Professor Willard has been a consultant to the United States 
Bureau of Mines and in 1925 he became consultant to the United 
States War Department, Chemical Warfare Service Section, and 
more recently he has acted as consultant for the United States 
Public Health Service and the Architect of the Capitol at Wash- 
ington in connection with the conditioning of the House and 
Senate Chambers. For the past year he has been engaged by the 
City of Chicago as consultant for the proposed Chicago Subway. 

Thus, in retaining Professor Willard's services as Technical 
Adviser for Research, The Society has added another strong 
guaranty that the Research Laboratory will not only continue 
to contribute importantly to the advancement of the Art and 
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the Industry, but that such contributions will inevitably in- 
crease in both scientific and practical value, since Professor 
\\ illard's capacities have been proved as eminently practical as 
they are scientific. 



Current Activities of the Research Laboratory 

AS brief but convincing evidence of The Laboratory's scien- 
^T- tine and practical value to the Art and Industry the follow - 
ing exposition of its current activities is presented. (Some of 
the work is being conducted at the Cooperative Institutions.) 

/. Pipe Sizes for Steam and Hot Water Heating Systems. Research on 
this vital subject has extended over eight years and final paper was pre- 
sented in 1931. The invaluable results of this work have been made 
available as completed, in various Editions of The Guide. 

2. Study on the Application of Copper Tubing to Steam and Hot 
Water Heating Systems. Determination of steam-carrying capacity 
and heat emission from tubing, bare and covered. 

3. Garage Ventilation. Study of relation of quantity of air handled, its 
temperature and velocity, location of supply and exhaust, and quantity of 
outdoor air admitted, to the concentration and distribution of carbon 
monoxide, gasoline vapors and other obnoxious fumes. 

4. Transmission of Heat through Building Construction and Build- 
ing Materials. Study of standard walls composed of various combina- 
tions of common materials. Verification of formula for calculating over- 
all transfer coefficients from conductivity, air space and film conductance 
coefficients of component parts of a wall. 

5. Study of Methods of Evaluating the Efficiency of Air Cleaning 
Devices. Continuation of other studies with object of developing 
standard specifications for an impinger type of instrument, for use in dust 
counts, which will obviate personal variations, Finally a Code for Testing 
Air Cleaning Devices is to be developed. 

6. Radiators and Heaters. Study of Cast-Iron Radiators and Non- 
Ferrous Heaters of the "Conduction-Convection" Type, open and en- 
closed, under actual service conditions. Following the present trends 
this study will prove of signal importance. 

7 Infiltration. Further studies of this fundamentally important subject, 
determining values for various walls of brick, with and without plaster, 
unpainted and painted, frame walls, stucco walls, including also studies of 
crack leakage, effectiveness of weatherstripping and general air drift 
across a building due to inward leakage on windward side and outward 



[13] 




"""J^^^^^^^^.^^^^^!^^^^ 



*«»«„ schoo, op iws lic^jsaaKSKSi'ssss^t-, 






14 j 



leakage on lee side. These data will immensely increase the value of the 
section on Infiltration in The Guide. 

8. Atmospheric Dust and Smoke. A study of dust counting devices, 
including a special scheme for determining air dustiness by a light and 
electrical method developed by Dean Langsdorf of Washington Uni- 
versity, St. Louis. This study will prove of great value, meeting, it is 
hoped, the pressing need for a reliable, scientific, standardized method of 
dust determination. 

9. Air Conditions and Their Relation to Comfort and Health. This 
invaluable study was one of the original investigations undertaken by the 
Research Laboratory and was undertaken in cooperation with the Bureau 
of Mines and the U. S. Public Health Service. It will be continued as 
developments warrant. Dealing initially with Comfort, primarily, and 
resulting in one of the Society's most momentous contributions, The 
Comfort Charts, this study is being extended, with the cooperation of the 
Harvard School of Public Health, to include the even more valuable 
determinations relating to Human Health. Had the Research Laboratory 
performed no other service its contributions to this fundamentally im- 
portant subject alone would have more than justified the efforts and the 
means which have been devoted to it. 

10. Measurement of Air Flow Through Registers and Grilles. A study 
to standardize methods of measuring air flow through registers and grilles. 
Much needed practical data obtained, now being used by the Ventilating 
Contractors Employers Association of Chicago. Recent work has been 
directed toward development of satisfactory method of measuring air 
delivery of unit ventilating machines. 

11. Methods of Testing Oil-fired Boilers and of Rating Oil-Burning 
Devices. A study to develop a most necessary standard code for testing 
oil burners and oil burner- boiler or- furnace combinations. The effective 
cooperation of the American Oil Burner Association insures the very great 
value of this undertaking. 

12. Physiological Effects of Atmospheric Environment on Human 
Beings a t Work. A scientific undertaking to determine the potentialities 
of Air Conditioning as related to the worker. The process advantages of 
Air Conditioning are usually more or less computable while the values 
accruing from the protection and invigoration of the worker, though 
unquestionable, have been difficultly evaluated. The objective of this 
tremendously valuable study is to determine these values and to fix the 
maximal air conditions for various circumstances. 

13. Conductivity of Concrete. This study has been under way at The 
Laboratory for the past three years during which time occasional tests 
have been made of two slabs of concrete of different mixes to determine 
the effect of aging on the conductivity of the concrete. The results of this 
investigation should greatly increase the accuracy with which the heat 
losses from concrete structures may be estimated. 
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Am Leakage through Building Materials. Windows and Doors and the Effect of Weatherstrip- 
ping Determined at the University of Wisconsin, under the Direction of Prof. G. L. Larson, 
in Cooperation with the A.S.H.V.E. Research Laboratory. 
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Future Activities of the Research Laboratory 

/ T , HE future activities of the Research Laboratory are being 
■*- determined by canvass of the Profession and the Industry, 
by means of questionnaires sent to Engineers, Architects, Man- 
ufacturers and others, by the Committee on Research. 

N< i effort will be spared to determine the subjects of greatest 
interest and value. The conduct of The Laboratory will be 
governed accordingly. Thus it is believed that the services of 
The Laboratory and, coincidently, of The Guide, will be con- 
tinually enhanced and extended,— to the greatest benefit of the 
Science, the Profession and the Industry of Heating, Ventilating 
and Air Conditioning. 

The Inspiring History of The Laboratory 

/ T , HE history of the Research Laboratory of the A.S.H.V.K. 
■*- is illuminated by the devotion of many individual Members, 
who served specifically, and of the whole Membe^hip. which 
unanimously and whole-heartedly supported the proposed 
program from the very beginning— in the light of The Societ 
then restricted Membership, a truly ambitious undertaking. 

The first thoughts of pure Research, conducted by The 
Society on a basis wholly untrammeled by commercialism, 
seeking only to serve effectively and advantageously, were 
expressed by unrecorded Members sometime prior to 191tl. 
It is probable that Arthur ICOhmes' description of a Laboratory 
maintained by a German Technical Society first spurred the 
thought in our own Society. During the Presidency of H. M. 
Hart, 1916, the idea began to crystallize. 

Certain it is that by 1917 Th< Sm cietj wras generally discussing 

the subject and considering the establishment of such a Laboratory. 

One of the most indefatigable workers was f. Irvine Lyle. 

In 191s M r . Lyle became President of The Society and at once 

pushed forward the Research Laboratory proj< 

_ He appointed the following Committee which made the 
mitlal >lJ d a favorable report: 

W, Bare, < 

H - M UxKT W.W. Macon \\m. F. McDonald 

J. W. H. Mvrk K Perry Wbsi 

• the task of realizing The S 
great ambition was undertaken in earnest. Throughout the 
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Oil Burner and Boiler Efficiencies under Various Operating Conditions Found in Cooperative 
Tests Conducted at Vale University, by Prof. L. E. Seeley in Cooperation with the A.S.H.V.E. 

Research Laboratory. 
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Presidency of J. Irvine Lyle and through that of Fred R. Still, 
ensuing, the whole Membership aided enthusiastically in the 
project, but the devote*] work of IVrry West, H. M. 

Hart, J. R. McColl, J. Irvine Lyle, Fred R. Still, Homer Addam>. 
Walter S. Timmis and Frank Chew must >tand forever to the 
glowing prestige of The Society and to the credit of the men 
thenisel 

I »- -pite every difficulty these men organized The Laboratory, 
enthused the Membership and procured the nece>-ar\ in 
themselves contributing generously. 

Others, of course, contribute] materially. At the 25th 
Annual Meeting. January 1919. during the P I R. 

Still, J. Irvine Lyle put the following motion : 

ould like to ask this Society to 
dent ^ e- President Timmis. Sei 

A. F. M, Donald I E M A \\ . 

Franklin, and H. M. Hart, lor the trip- which tin . :heir 

■ rise to addr. 

ks [so to inclij. 
chairmen who have shown a good deal of energy in 

W. 1 n, Mr. Chaffee, L. W M 

Artl 5. E. Dibble, C. ^ 

an 

I \ : 1 « 

3 

B 9 

M 
M 

I 







John R. Allen 



L. A. Sipio 



F. C. HoUCHTEN 



F. Palo. Anderson 

A. C. WlLLARD 
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ment to his devotion and ability,— a conception wholly acceptable 
to The Society which was honored by his membership. 

The succeeding Director of The Laboratory was Dean L. A. 
Scipio of Robert College, Constant inople, who served during the 
ensuing year and then, upon termination of his leave of absence, 
returned to Constantinople. 

On August 1, 1921, the Directorship of The Laboratorj was 
assumed by F. Paul Anderson, Dean of the Colleges oi Engi- 
neering, University of Kentucky, who rendered distinguished 
ice in expanding The Laboratory- work and prestige, until 
itember 1925, when the Directorship was conferred upon 
I". C. Houghten, then serving as Secretary of 1 ety. 

Mr. Houghten is eminently fitted for the position as he 
had served under all of the Directors of the Research Labora- 
tory, having been appointed by Dean Allen in 1920 after two 
' th tin I niti Bureau of Mine-. 

1924 tThel aboratorj . the problemson which 
^1'"- 1 1 did a< in< work m< luded heal transmission 

through building materials; flo* of steam in pipes; the use of 
ozone; and the effect of tempi rature, humidity and air motion 

; uman beings. Sin< e 1925 th. scope oi his work has enlargi 
and man\ additional have come undei In- supervision. 

r to his entrance into research work, Mr. Houghten had 

!i.i\ ing Ik i n graduated from 

01«v< L913, with an \ B d< gn - and, in 1915, receiving 

N1 m Hi. I niversit) of Washington. 

X1 • ed .in ( m eptionall) « apable I >ire< tor, 

the work o( Tin Laboratory having p ed notabl) under 

eadersl excelk m qualifa ations and train 

h and his Icnowh dg< ol t l.< i„ < <N , | the 
md Indu 
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Chairmen Committee on Ki search, A.S.H.V.E L917-1931 

w . Ba rr, 1917 J- I*v«e LV«. 191W9 PERRY WEST. 1917 

K K sum., L920 J R- Mc< oli 1921 

Thornton Lewis, L922 C. V. HAYNES. 1931 E . E. W N ur, 1923 



Thor 
S. R. Lewis, 1927-28 



w H Drisi oi i 1924- 55 H. P. ' 

L^ HARDING, 1929 
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The Research Laboratory and The Guide 

Determination and Dissemination 
of Information 

TN 1922, despite the relative fewness of its Membership and 
-* the meagerness of its means, The Society established The 
Gl IDE, an annual publication making available to the whole 
Profession and Industry, whether Members or not, all of the 
essential data collected by The Society and developed by the 
Research Laboratory. 

Steadily, through the succeeding years, The Guini has urown 
in size, in service and in importance. The 9th Edition in 1931 
contains 924 pages of authoritative, invaluable data pertaining 
to the design and specification of Heating, Wntilatin^ and Air 
Conditioning Systems, the practice of the leading Kn.uimrrs in 
the field, and a comprehensive Section on available Modern 
Equipment. 

Ihi Gui one of the most positn e influences 

tending to i lei ate, improve, extend the whole Art and Industry 
°f H< I onditioning. It is universally 

recognized as the most useful and authoritative work in its 
field, being used U practicii eers and Manufacturers 

in all pan- of the world and as a Text Book 1<\ a growing number 
of the world*- princip i al institutioi 

de is Tin Soci( or-of-service and now 

'■ riends who depend upon it annuall) for authorita- 

■ up-to-d; all phases of heating, ventilating 

and .iir conditioning j 

^ itl iih asun from the i redif due many 

N1, ved, without reward, 

1,1 lllf - pi ii. .1 editions of 'I'm Gl id\ . it i 

al that at l- 

contributed dire tl) by 

This i- pointedly indi< ative oi 'I he 

o the most pregnant 

■ addition to an tffet I 

1 data, an equall) i in for 

to the full. 









Publications ofA.S.H.V.E. Research Laboratory 

In Cooperation with U. S. Bureau of Mines 



BOILERS 

Chimneys for House Heating Boilers 

L. A. Scipio. Journal, A.S.H.V.E., May, 1921 

p. 463. 
Heat Transference and Combustion Test in Smal 
Domestic Boilers 

John Blizard, W, M. Myler, J. K. Seabright and 

C. P. Yagloglou. Transactions, A.S.H.V.E., 

Vol, 29, 1923, p. 253. 
Heat Transference and Combustion Tests in a Small 
Domestic Boiler 

H. W. Brooks, M. L. Orr, W. M. Myler and 

C. A. Herbert. Transactions, A.S.H.V.E., Vol. 

31, 1925, p. 185. 

COAL STOVES 
Tests to Determine the Efficiency of Coal Stoves 

John R. Allen and F, B. Rowley. Transactions, 

A.S.H.V.E., Vol. 26, 1920, p. 115. 

DUST* 

Theory of Dust Action 

O. W. Armspach. Transactions, A.S.H.V.E., 

Vol. 27, 1921, p. 83. 
Standard Method of Testing Dust Removal 
Efficiencies of Air Washers 

Margaret Ingels and O. W. Armspach 



A New Method of Making Air Dust Determinations 
F. Paul Anderson and O. W. Armspach. Trans- 
actions, A.S.H.V.E., Vol. 28. 1922, p. 221. 
New Data on Air Dust Determinations 

Margaret Ingels. Transactions, A.S.H.V.E., 
Vol. 29, 1923, p. 177. 
Further Observations in Dust Determinations 
Margaret Ingels. Transactions, A.S.H.V.E., 
Vol. 29, 1923, p. 347. 
The Production and Measurement of Air Dustiness 
Margaret Ingels. Transactions, A.S.H.V.E., 
Vol. 30, 1924, p. 121. 
The A — A Dust Determinator 

Margaret Ingels. Transactions, A.S.H.V.E., 
Vol. 31, 1925, p. 67. 
How Dusty is Air? 

Margaret Ingels. Transactions, A.S.H.V.E., 
Vol. 31, 1925, p. 273. 

HEAT TRANSMISSION* 
Heat Transmission Through Building Materials 
and Heat Loss from Buildings 

L. A. Scipio. Journal, A.S.H.V.E.. April, 1921, 
p. 297. 
Heat Transmission Investigations 

L. A. Scipio. Journal, A.S.H.V.E., May, 1921, 
p. 453. 
A New Thermal Testing Plate for Conduction and 
Surface Transmission 

F. C. Houghten and A. J. Wood. Transactions, 
A.S.H.V.E., Vol. 27, 1921. p. 385. 

*See additional papers on this subject listed in 
Publications of A.S.H.V.E. Research Laboratory 
and Cooperating Institutions. 



Heat Loss Through Various Types of Building 
Construction 

L. A. Scipio. Journal, A.S.H.V.E., September, 
1921, p. 637. 
A Study in Heat Transmission with Special 
Reference to Building Materials 

F. C. Houghten. Transactions, A.S.H.V.E., 
Vol. 28, 1922. p. 81. 
The Economic Thickness of Insulation in the 
Refrigerating Field 

P. Nicholls. Journal, A.S.H.V.E., April, 1922, 
p. 343. 
Heat Transmission Investigation 
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